The need for pest control could not be decisively reduced by boosting 
Introduction
The adaptability of cruciferous oilseed plants to varying growing conditions is generally good, and nitrogen in particular plays a key role in the compensation ability (Tatchell 1983 , AUGUSTINUSsen 1987 , Lamb 1989 , Axelsen and Nielsen 1990 . Determining the right proportions of nitrogen fertilization and fungicide treatments has been found to ensure steady yields and to be the essential factor in achieving a good economic result (Hanus and SCHOOP 1989) . In Sweden, Wallgren and Radberg (1989) obtained the best economic resuits with a nitrogen fertilization rate of 90 kg/ha in their own experiments. In Finland, a nitrogen fertilization rate as high as 150 kg/ha has been found to increase the yield of summer turnip rape. In the same experiment, application of the nitrogen fertilizer at two stages, i.e. two thirds at sowing and one third at the seedling stage, failed to increase the yield (Köylijärvi and Pahkala 1989) . The economic implications of using additional nitrogen were not compared in the experiment.
The species causing the most plant protection problems in the Finnish summer rape cultivation areas is the blossom beetle (Meligethes aeneus F.), although the crop losses ascribed to it have generally not exceeded 10% in fields sown with summer turnip rape (Tulisalo and WuORl 1986) . The pest control threshold for the blossom beetle is one beetle per plant at the early bud stage of the summer turnip rape, and 2 to 3 beetles per plant before blossoming, if the aim is to manage with one control spraying only. According to Hokkanen et al. (1986) , only the outer edges of the fields should be treated when the control thresholdfor the blossom beetle is lower. This study of cultivation techniques aimed at identifying those agricultural and economic aspects that should be taken into account in extending the cultivation of turnip rape and rape to non-food agricultural use, optimizing production input, and creating ecologically more acceptable production methods. Production of rapeseed oil esters would be an alternative, if economic and ecological acceptability criteria could be met.
Material and methods
In 1991, field trials were carried out at five sites: in Jokioinen (600 80' N, 230 50' E), Lepaa (610 11' N, 240 37' E), Mouhijärvi (610 51' N, 230 01 ' E), Pälkäne (610 32' N. 240 28' E) and Ylistaro (620 93' N, 220 43' E) , and in 1992 on two sites, i.e. Jokioinen and Lepaa. The soil types and fertility rates of the trial sites are shown in Table 1 . As for the important phosphorous content (Saarela and Köylijärvi 1989) , the scale of adequate (Pälkäne, Ylistaro) , fair (Jokioinen 1991, Mouhijärvi) and good (Jokioinen 1992 and Lepaa) was represented.
The experimental design followed the strip-plot arrangement, with randomized fertilizer and combined herbicide, fungicide, insecticide and growth regulator treatments. Trial plots, measuring 4 by 10 metres, were in replications of four. The experimental results were analyzed using MSTAT and SAS statistical software, especially using two-way analysis of variance. Significance levels are indicated in the tables with asterisks placed on the right hand side of the corresponding F-value as follows: *** p = 0.001, ** P = 0.01 and * P = 0.05. The fertilizer levels, herbicide, fungicide, insecticide and growth regulator treatments used in field trials are shown below. The cultivation techniques followed normal practices as closely as possible. The growth stages of rape were graded by the BBHC-Decimal-Codes (Weber and Bleiholder 1990) . The sowing density was 375 germinating seeds per square metre, the cultivars were 'KOVA' in 1991 and 'KULTA' in 1992. Seed was dressed by Oftanol T (isofenphos 400 g/kg, thiram 100g/kg) 20 g/kg seeds. For basic fertilization, high nitrogen 'Typpirikas y-lannos 2' (N-P-K 20-4-8) was spread as band placement. (in 1991 20 kg/ha, in 1992 40 kg/ha) potassium nitrate 'Peltokalkkisalpietari' (N-P-K 15.5-0-0, Ca 19%, Mg 0.2%) was top dressed. Foliage fertilizer 'Rypsin lehtilannos 2' (N 3%, Mg 6%, Mn 5%, B 3%, Mo 0.5%, S 11.2%) was used at the rate of4 kg/ha. 'Cerone' (0.5 1/ha), containing etefone (480 g/1), was used as a growth control spray and 'Fusilade 2000', containing fluazephop butyl (125 g/1, 3 1/ha), was used as herbicide for couch grass. The prochloraz 'Sportak 45 EC' (450 g/1, 1 1/ha), was used to control Sclerotinia rot. Water was used at the rate of 300 litres per hectare in the trials.
The control threshold of the blossom beetle was one beetle per plant at budding stage (BBFIC 51 -52), and two to three beetles per plant before blossoming . Herbicide was sprayed on couch grass at the four or five leaf stage. Plant growth regulator was sprayed while the stems were gaining height but before blossoming . Sclerotinia rot was controlled by spraying when the first petals were being shed (BBHC 63) . In Jokioinen in the spring of 1992, seedlings in the plots sown with untreated seed were severely damaged by flea beetles (Phyllotreta spp.), necessitating an insecticide spray application of the experimental field, without which all the seedlings would have been consumed by the flea beetles. Permethrin ('Ambush' 0.5 1/ha) mixed with 300 litres of water per hectare was used as insecticide. The cultivation measures per trial site are shown in Table 2 .
The experimental plots were investigated under the vegetative period as described in Table 3 . The method of Nielsen and Axelsen (1988) was used in screening the rape blossom beetle.
Experimental conditions
The experimental years were very different in terms of climatic conditions. In 1991, the beginning of May was cool and rainy. In Jokioinen, for instance, the cumulative degree-days of the growing season fell about 90°C short of the long-term average temperature by mid-June. In early August the weather turned warm, which accelerated the growth and ripening of the plants.
In 1992, May was warm and devoid of rainfall. In June and July the weather was warmer than normal. By mid-June the cumulative degree-days of thegrowing season exceeded the long-term average temperature by about 145°C in Jokioinen. The first rains that the plants could benefit from fell in mid-June. The following figure ( Figure 1 ) and table (Table 3) show the cumulative degree-days of the growing season (°C) and monthly precipitation (mm) for each experimental site in 1991 and 1992.
Results
The weeds occurred only occasionally at all experimental sites and no yield loss could be attributed to the weeds.
Efficacy of insect control
In nearly all experiments seed dressing had a significant (P<0.01) effect on the damage inflicted by flea beetles on summer turnip rape (Table 4 ). In terms of yield, the damage observed during 1991 was insignificant. The damage inflicted by the flea beetle did not exceed the minimum damage density found to reduce the yield in the actual seed dressing trials, i.e. 30 holes per plant (cf. Kurppa 1991) .The draught early in the summer of 1992 clearly hampered the emergence of summer turnip rape seedlings. The cotyledon stage of the seedlings lasted unusually long (over a month), which created conditions favourable for seedling damage to occur. The flea beetles would, in fact, have "cleaned out" the untreated plots if the seedlings had not been sprayed. The size of the blossom beetle populations varied greatly between trial sites. Highly significant (P<0.01) reductions in population size were achieved through various insect control measures at almost all trial sites (Table 5 ). In plant stands treated with natural pyrethrin, the number of blossom beetles per plant was reduced by spraying, only to be restored within 48 hours to almost the same level as before the treatment. Permethrin treatments proved to be far more long acting at all trial sites, being effective for one week on average.
Vegetational stem growth
Stepwise increased nitrogen fertilisation boosted stem growth significantly (P<0.05) at two trial sites (Jokioinen and Lepaa) . This treatment, however, failed to show a significant effect on stem growth at the northernmost trial site (Ylistaro), where the vegetation grew highest. Insecticide and plant growth regulator sprayed in close succession (2-3 days between treatments), in 1991,resulted in a substantial reduction in stem growth, averaging 20 cm compared to the untreated plant stand. This was observed in nutritionally high standard clay soil in Jokioinen, where the period immediately before and after the application was dry. The same treatment combination had not the same effect at other trial sites that were situated in finer sand, included lower quantities of calcium, phosphorous and potassium, and received arain shower of7.8 mm on the day of application.
Vegetational branching
In general terms the branching of summer turnip rape became poorer with increasing growth density. In 1991, the growing conditions were excellent at the trial site in Lepaa, where even minor measures designed to boost growth, e.g. increasing the quantity of nitrogen fertilizer, in addition to more effect- 
Crop blossoming period
Combination of the plant protection treatments had a very significant (P<0.01) effect on the length of the blossoming period of summer turnip rape, which for the untreated plant stand averaged 16 days, whereas that of the chemically treated plant stand was nearly 6 days longer. In the plant stand treated with natural pyrethrin, a slight increase (1 day) in the blossoming period was observed, compared with the untreated plant stand. The presence of a large number of blossom beetles and their larvae in the blossoms led to the rapid withering of the blossoms in the plant stands treated with natural pyrethrin or left untreated.
Number of pods and seeds
Using more fertilizer boosted the number of pods per raceme at least up to the 90 kg/ha level, with the exception of the trial site in Mouhijärvi, where a strong contradictory trend was observed. There the interaction of fertilizer and control treatment was significant, the highest quantity of pods per raceme being found in treatment (a 1 b 3) consisting of the smallest quantity of fertilizer and the best plant protection treatment. Permethrin treatment increased the quantity of pods per raceme most noticeably at the trial sites with the largest blossom beetle populations (Table 8 ).
The use of fertilizer and the combination of plant protection treatments resulted in a significant difference in the number of seeds per pod ( Table 9 ). The interaction of fertilizer and plant protection treatments was highly significant in the 1991 trial in Jokioinen, where the highest average number of seeds per pod, 23.6, was observed with the treatment including the largest quantity of fertilizer and the most abundant plant protection treatments.
Final yield
In 1992, the effect ofplant protection treatments on yield was highly significant (P<0.01) at the trial sites with the best growing conditions, in Jokioinen and Lepaa (Table 10 ). In the present experiment pyrethrin treatment either failed to increase the turnip rape yield per hectare, or the increase was only slight (in Jokioinen 112 kg/ha, in Lepaa 60 kg/ha in 1992), which in a way demonstrated that the preparation was too short-acting for the blossom beetle. The best increases in yield were obtained with permethrin treatments (up to 1000 kg) at the trial sites with the largest blossom beetle populations.
Plant growth regulator used together with couch grass herbicide reduced the yield in Jokioinen. These results seem to indicate that caution should be exercised in using herbicides for couch grass together with plant growth regulators when growing summer turnip rape, or that sufficiently long intervals between spray application should, at least, be allowed.
The top yield was achieved in 1991 with treatments including fertilizer at the rate of 110 kg N/ha (1653 ± 102 kg/ha), and in 1992 the highest rate was achieved with treatments including 70 + 40 kg N/ha (2163 ± 69 kg/ha). And yet, increasing the quantity of nitrogen had a significant effect in only two cases out of seven, ranging between 70 and 110 kg (Table 10) . The increase in turnip rape yield, obtained with fertilizer and plant protection treatments, was attributable to different yield factors at various trial sites. The best initial growth was observed at a trial site with best nutritional conditions (phosphorous especially) in Lepaa, where the higher yield was (Tables 7 and 8 ). In the plant stand in Mouhijärvi, with the poorest initial growth pattern, the increase in yield was due to slight increases in growth density and number of seeds pet pod (Table 9 ). In Jokioinen, which was a kind of average between the two sites mentioned above, the higher yield was attributable to increases in the quantity of racemes and number of seeds per pod (Tables 7 and 9 ).
Profitability ofcultivation
In this experiment the profitability of cultivation was assessed in terms of the operating margin, in other words, by deducting from the gross profit the variable cost items, i.e. expenses directly attributable to the cultivation of the plant in question. The following list shows the unit prices on which the operating margin calculations were based, and the operating margin of summer turnip rape in To obtain an economically acceptable result, it is necessary that the field to be sown is in a good condition and free of annual and perennial weeds, as herbicide treatments can easily become a noticeable cost factor in the cultivation of summer turnip rape.
In most cases the treatment including the most fertilizer (110 kg N/ha) gave the best operating margin, although the difference was minor. In 1991, the difference between the nitrogen levels of 90 kg/ha and 110 kg/ha were not statistically significant at any trial site, and a difference in effect between nitrogen levels of 70 kg/ha and 90 kg/ha on various organic soils could not be demonstrated. On the basis of the above, the optimum quantity of nitrogen fertilizer was assessed to range between 70 and 90 kg/ha.
When the control threshold of theblossom beetle was barely exceeded, i.e. there was one beetle per plant at the early bud stage, natural pyrethrin treatment alone gave a satisfactory economic result (1991 trial in Lepaa, Fig. 2 ). When blossom beetles were more plentiful, a satisfactory or good economic result necessitated repeated treatments with synthetic pyrethroid (cf. 1992 trial in Jokioinen, Fig. 2 ).
Discussion
Current guidelines for cultivating turnip rape include a recommendation for relatively high levels of nitrogen fertilizer, compared with the results obtained in summer rape trials in Denmark (cf. Augustinussen 1987) . In the present study, however, raising the nitrogen fertilizer level from 70 kg/ha to 110 kg/ha increased the yield in only one third of the trials, by about 400 kg/ha at the best, and the use of nitrogen failed to compensate adequately for the omission of insect pest control measures, the effect of which peaked 1000 kg/ha at its worst.
In Finnish turnip rape plant stands of normal density (generally more than 200 plants per m 2), compensation by cruciferous oilseed plants by means of branching cannot influence the result through prolific growth, unlike plant stands of about half the density (cf. Tatchell 1983 , Augustinussen 1987 , Nilsson 1988 , Axelsen and Nielsen 1990 kg/ha of fertilizer will suffice; in other words the minimum quantities of fertilizer recommended by Köylijärvi and Pahkala (1989) , or even slightly less, would seem sufficient. In 1991, the damage observed in summer turnip rape seedlings, which was attributed to the flea beetle, was of hardly any consequence to the yield. The flea beetle population barely exceeded the control threshold of one flea beetle per plant suggested by Augustin et al. (1986) . When the beetle population is large, however, and theemergence of seedlings is slow due to a cold or dry early spring, seed dressing results in denser and more robust plant stands than would be the case with untreated seed.
In a poor year, such as 1992, the plant stands sown with undressed seed might be totally destroyed in some areas. To avoid total destruction, insecticide spraying will be necessary at the seedling stage, like in the 1992 trials. The extent of the damage inflicted by the flea beetle depends largely on the weather, and in Finnish long-term experiments reduced yields attributable to this cause have been found to occur every three years on average (Kurppa 1991) . In the absence of resistance, one pest control measure applicable to the flea beetle would be seed dressing with pyrethrin, but its effectiveness in dry summers should be improved (Ketola 1992, pers. commun.) .
The control threshold of the blossom beetle of one insect per plant at an early bud stage was confirmed as correct by the results of the present experiment. This control threshold is low compared to the conditions in Central Europe (cf. Seidel and Fig. 2 . The operating margin in the production of summer turnip rape (FIM/ha) in 1991 and 1992 at each trial site. Above the columns significant differences (0.0.1) between the nitrogen treatments are indicated by capitals (A, B, C) and between pesticide treatments by small letters (a, b, c). Daebeler 1986, Vietinghoff and ), but the difference is mainly due to varying growth densities of summer turnip rape plant stands. In Central Europe the main importance is also given to winter turnip rape, which is not as sensitive to pollen beetle damage as the summer variety. The profuse branching of the plant stands treated with natural pyrethrin or left untreated is an indication of the compensatory tendency of plant stands and the limited effect of pyrethrin. Turnip rape also tends to compensate the damage inflicted on embryonic buds by the beetle by producing additional small buds, which will develop to raceme containing relatively few seeds, as has been reported earlier (Nilsson 1988 ). According to good cultivation practices, the pest control measures against the blossom beetle should include a pyrethrin spraying as soon as the control threshold for the blossom beetle is exceeded, followed by a second application using synthetic pyrethroid when the later threshold of two or three insects per plant is exceeded. The aim of the pyrethrin spraying is to reduce the beetle population as effectively as possible (af. Seidel et al. 1991) . The second spraying has to be done before the cumulative degreedays value of 3200 C has been reached, to avoid destroying the parasites of the beetles (af. Hokkanen et al. 1988 ).
To optimize the production of the summer turnip rape as an alternative crop for use as non-food raw material and simultaneously to minimize the chemical control and the deleterious and impoverishing ecological effects on the environment, the following principles should be applied:
1. Only use soil with sufficient pH, and phosphorous content 2. A sufficient quantity of fertilizer nitrogen in mineral soil is not higher than 90 kg N/ha and in organic soil 70 kg N/ha.
3. Seed dressing not necessary in soils advantageous to seedling emergence (light mineral or organic soil) 4. Apply insecticides against rape pollen beetle according to the appearance and abundance of the beetles. 5. Use herbicides only as necessary. 6. Take extreme precautions when using growth regulators especially in combination with couch grass control.
